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/_]_ PROBLEM TO BE SOLVED: To stabilize 




(57)Abstract: 



the film forming rate over a long period by a 
simple constitution free from the need of the 
accumulation of data by changing the 
contact area between the inside wall face of 
a chamber and plasma and controlling the 
reactance of the discharge impedance of 



plasma. 



SOLUTION: In a vacuum chamber 1 in which gaseous Ar or the like is 
introduced from a plasma gas feeding source 6, a cathode 2 provided with a 
magnet 1 1 is applied with high frequency voltage from a high frequency power 
source 14 to generate plasma 23. Ions in this plasma 23 are accelerated to 
sputter the surface of a target 8, by which the target material is deposited on a 
substrate 4 to form a film. In the above sputtering device, the reactance of the 
discharge impedance of the plasma 23 is measured by an impedance monitor 
15, and a motor 18 is controlled via a computer 16. Thus, a movable board 21 in 
a subchamber 17 is moved to change the contact area between the plasma 23 
and the inside wall face of the chamber, and the above reactance is controlled to 
the set value. 

CLAIMS 
[Claim(s)] 

[Claim 1] The sputtering system characterized by having the device in which the 
touch area of a chamber internal surface and the plasma is changed, in the 
sputtering system which a RF is impressed [ sputtering system ] to a cathode, 
generates the plasma, and the ion in the plasma is accelerated [ sputtering 



system ], makes a target ingredient jump out r and makes a thin film form in a 
substrate. 

[Claim 2] The sputtering system according to claim 1 characterized by having a 
means to measure the reactance of the discharge impedance of said plasma. 
[Claim 3] The sputtering system given in claim dyadic characterized by having a 
means to control the touch area of a chamber internal surface and the plasma so 
that the reactance of said discharge impedance becomes the set point. 
[Claim 4] The sputtering system according to claim 1 characterized by having a 
means to measure the high-frequency voltage impressed to said cathode. 
[Claim 5] The sputtering system according to claim 4 characterized by having a 
means to control the touch area of a chamber internal surface and the plasma so 
that said high-frequency voltage becomes the set point. 

[Claim 6] The sputtering system according to claim 1 characterized by having a 
means to measure the auto-bias electrical potential difference of said target. 
[Claim 7] The sputtering system according to claim 6 characterized by having a 
means to control the touch area of a chamber internal surface and the plasma so 
that the auto-bias electrical potential difference of said target becomes the set 
point. 



[Claim 8] It is the sputtering system according to claim 1 characterized by having 
a chamber and the movable plate of same electric potential, for the side-face 
periphery section of this movable plate being in arrangement close to a chamber 
wall, and this movable plate being movable with the migration means from the 
chamber outside. 

[Claim 9] The sputtering system according to claim 8 characterized by the 
side-face periphery section of said movable plate not contacting said chamber 
wall. 

[Claim 10] Said migration means is a sputtering system according to claim 8 
characterized by driving according to the indicated value of a computer. 
[Claim 11] Said computer is a sputtering system according to claim 10 
characterized by incorporating the measured value of said reactance, 
high-frequency voltage, or an auto-bias electrical potential difference, performing 
the comparison with the set point, and giving indicated value to said migration 
means. 

[Claim 12] The sputtering system according to claim 1 characterized by having a 
means to adjoin said chamber, to prepare a subchamber and to control the 
amount of openings of the connection of this subchamber and said chamber, 



[Claim 13] A means to control the amount of openings of said connection is a 
sputtering system according to claim 12 characterized by being a gate valve. 
[Claim 14] A means to control the amount of openings of said connection is a 
sputtering system according to claim 12 characterized by being a butterfly valve. 
[Claim 15] The deposition film formation approach which is the deposition film 
formation approach of impressing a RF to a cathode, generating the plasma, 
accelerating the ion in the plasma, making a target ingredient jumping out, and 
making a thin film forming in a substrate, and forms the semi-conductor film 
while changing the touch area of a chamber internal surface and the plasma, 
[Claim 16] The deposition film formation approach according to claim 15 which 
forms a thin film while changing the touch area of a chamber internal surface and 
the plasma so that the reactance of the discharge impedance of said plasma 
may become the set point. 

[Claim 17] The deposition film formation approach according to claim 15 which 
forms a thin film while controlling the touch area of a chamber internal surface 
and the plasma so that the high-frequency voltage impressed to said cathode 
becomes the set point. 

[Claim 18] The deposition film formation approach according to claim 15 which 



forms a thin film while controlling the touch area of a chamber internal surface 
and the plasma so that the auto-bias of said target becomes the set point. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This inventions are a useful sputtering system and the 
deposition film formation approach, when forming the functional semi-conductor 
film in a substrate, and a membrane formation rate is especially related with a 
stable sputtering system and the deposition film formation approach over a long 
period of time. 
[0002] 

[Description of the Prior Art] Generally the thin film formation approach of having 
used the spatter phenomenon is widely used by the reasons of thin film 
formation also being able to do a metal, an insulating material ingredient, and a 
compound ingredient comparatively easily. Generally the magnetron sputtering 
which various spatters occur, and a conventional spatter, magnetron sputtering, 



an opposite spatter, etc. confined the electron in the spatter as an approach that 
especially a membrane formation rate is high, also in it in the magnetic field, and 
raised the plasma consistency to it is known. 

[0003] However, the magnetron sputtering method had the trouble that a target 
will be eaten away as the spatter progressed. The process which a target 
corrodes appears as follows. 

[0004] The magnet of the configuration which has the south pole is formed in 
ring-like N pole and a core at the lower part of the target of magnetron sputtering 
equipment, and the field has occurred on the target front face. Especially the 
strong field is making the ring configuration. 

[0005] The floating electron in a chamber is caught in response to the Lorentz 
force by the horizontal component of said field by the ring-like field on the front 
face of a target. The caught electron collides with sputtering gas and makes the 
ring-like field on the front face of a target generate the plasma with deep 
concentration. Moreover, a floating electron is charged at a target and forms 
auto-bias potential. Then, steep electric field occur between forward plasma 
potential and negative auto-bias potential. Generally the field where this electric 
field exist is called the sheath field. 



[0006] The ion generated in the plasma is accelerated in a sheath field, it collides 
with a target, and an ejection spatter is started in a target ingredient. Since the 
field where plasma concentration is deep exists in the ring-like field on the front 
face of a target, the target front face is eaten away by the spatter in the shape of 
a ring, 

[0007] The effect that a membrane formation rate falls appears as a target is 
eaten away. Using an experience value for JP,7-180046,A "the wafer under 
semi-conductor processing, the distance preparation between PVD targets, and 
equipment", and adjusting the distance from a wafer to a target to it finely about 
this trouble, in order to compensate pervasion of the target produced during a 
series of wafer coating actuation is proposed, 

[0008] A calibration type must be beforehand established by experiment by the 
approach of using an experience value and adjusting the distance from a wafer 
to a target in order to compensate pervasion of a target with the sputtering 
system of the above-mentioned conventional example. That is, it is necessary to 
investigate beforehand the relation of the amount of pervasion of the target to 
spatter time amount, the relation of the amount of pervasion of the target to the 
accumulated of high-frequency power, etc. Since this experiment conducts by 



trial and error, in order to obtain the calibration type of high degree of accuracy, 
there is [ a difficulty of taking time amount ]. 

[0009] Furthermore, a complicated device is required for the approach of 
adjusting the distance between a wafer and a target. Moreover, although the 
dielectric film adhering to the chamber wall other than the effect by the corrosion 
of a target also has big effect on a membrane formation rate, in the 
above-mentioned conventional example, it is not taken into consideration at all 
about this point. 
[0010] 

[Problem(s) to be Solved by the Invention] Like the conventional example, this 
invention does not need preliminary data accumulation, but it is an easy 
configuration, and in order that a membrane formation rate may offer a stable 
sputtering system and the deposition film formation approach over a long period 
of time, it is made. 
[0011] 

[Means for Solving the Problem] A membrane formation rate decreases 
gradually as a target corrodes. This phenomenon is clear from drawing 3 , As a 
result of repeating research wholeheartedly about the parameter which carries 



out rate-limiting [ of the membrane formation rate ], this invention person found 
out that a membrane formation rate could be kept constant, when keeping the 
reactance of the discharge impedance of the spatter plasma constant. Although 
this reason is not clear, it thinks for change to arise in the capacity formed of 
control of a reactance between the capacity of a target, the capacity currently 
formed in the sheath field and the plasma, and a chamber. Similarly, this 
invention person found out that a membrane formation rate could be kept 
constant also by keeping the auto-bias of a target constant again by keeping 
constant the high-frequency voltage impressed to a cathode. This invention is 
made based on the above-mentioned knowledge. 

[0012] The object of this invention impresses a RF to a cathode, and generates 
the plasma. A means to measure the reactance of the discharge impedance of 
the plasma in the sputtering system which the ion in the plasma is accelerated 
[ sputtering system ], makes a target ingredient jump out, and makes a thin film 
form in a substrate, It is offering the sputtering system characterized by having a 
means detecting fluctuation of this reactance, and a means changing the touch 
area of a chamber internal surface and the plasma so that this reactance's may 
be maintained at the set point, and attaining long-term stabilization of a 



membrane formation rate. 

[0013] Moreover, it is offering similarly the sputtering system characterized by 
having a means detecting fluctuation of the high-frequency voltage 
accompanying change of a discharge impedance, or an auto-bias electrical 
potential difference, and a means changing the touch area of a chamber internal 
surface and the plasma so that this high-frequency voltage or this auto-bias 
electrical potential difference may be maintained at the set point, and attaining 
long-term stabilization of a membrane formation rate. 
[0014] 

[Embodiment of the Invention] 

(Example 1) Drawing 1 explains hereafter the detail which was adapted for the 
sputtering system of this invention, Drawing 1 is the schematic diagram of a 
sputtering system, and equips the chamber 1 of a sputtering system with the 
exhaust air system 5 and the sputtering gas supply system 6 which carry out 
evacuation of the interior of a chamber to a cathode 2 and the substrate 
electrode holder 3 furnished with the substrate 4 arranged in the location which 
countered. The sputtering gas supply system 6 can supply now reactant gas, 
such as inert gas, such as an argon (Ar), and oxygen (02), nitrogen (N2). The 



magnet 1 1 which the 5 inch x8 inch and the target 8 with a thickness of 6mm by 
which bonding was carried out to the cathode 2 at the back up plate 7 are 
attached in the cathode housing 9, and forms the magnetron magnetic field 10 in 
the interior of cathode housing is formed. It is fixed through the cathode electric 
insulating plate 12, and said cathode 2 has the composition of having floated 
electrically. Furthermore, RF generator 14 is connected to a cathode 2 through 
the adjustment machine 13, and RF power can be supplied now to a target. The 
impedance monitor 15 which is the measurement means of a discharge 
impedance (Z) is connected to the output side inside the adjustment machine 13 
(cathode side) at the serial. Generally this impedance monitor is soid as a 
plasma impedance probe, and can incorporate data, such as an impedance (Z), 
real resistance (R), a reactance (X), high frequency current (I), high-frequency 
voltage (V), high-frequency power (W), a voltage standing wave ratio (VSWR), 
and a reflection coefficient (**), on real time as main measurement data at a 
computer 16. 

[0015] The subchamber 17 to which a touch area with the plasma 23 is changed, 
and the reactance (X) of a discharge impedance is changed by the chamber and 
same electric potential concerning this invention is connected to ** and a 



chamber 1. The driving shaft 19 which transmits the motor 18 driven in response 
to the signal from a computer 16 and its driving force to the subchamber 17 
penetrates the shaft sealing 20 which intercepts atmospheric air and a vacuum, 
and is attached, and the movable plate 21 is attached at the head of the shaft. 
When the side face of a movable plate 21 is touched by the wall of the 
subchamber 17, the deposition film adhering to a chamber wall will fail to be 
shaved, and an impurity is produced in a chamber and it may have an adverse 
effect on the deposition film. Therefore, it is desirable that the about 1-2mm 
clearance where the plasma of spatter discharge does not turn to the 
background of a movable plate 21 is between the subchamber 17 and a 
movable plate 21. 

[0016] Next, the actuation under spatter is explained. This example is Ta 205 by 
introducing argon gas and oxygen gas as sputtering gas, using Ta target as a 
target 8, It is RF reactivity spatter which forms the film. 

[0017] In the state of the first stage when the corrosion of a target 8 is not 
advancing, the location of a movable plate 21 is arranged in the location drawn 
in the motor 18 side. They are Argon Ar and oxygen 02 of reactant gas from the 
sputtering gas supply system 6 after carrying out evacuation of the interior of a 



chamber 1 by the exhaust air system 6, It introduces so that chamber internal 
pressure may be set to 0.2Pa at a rate of 7:3. 1.0kW of high-frequency power is 
supplied to a target 8 after sputtering gas installation. High-frequency power is 
supplied to a target 8 through the adjustment machine 13 and the impedance 
monitor 15 from RF generator 14. 

[0018] Then, since mass is light compared with a sputtering gas molecule, the 
floating electron which exists in the interior of a chamber is shaken by RF electric 
field, it collides with sputtering gas, begins to beat an electron, and ionizes 
sputtering gas. (Plasma discharge occurs) On the other hand, on target 8 front 
face, it is accelerated in a sheath field and the sputtering gas with which the 
electron was charged, and it became electronegative potential, and was ionized 
in the plasma collides with a target 8, And an ejection spatter is started in Ta of a 
target 8 or oxygen gas, and tantalum oxide Ta20x that reacted. 
[0019] A shutter 22 is opened after starting a spatter. It oxidizes on the inside of 
a flight, or a substrate front face, and the Ta or Ta2 Ox particle soon taken out 
from the target 8 is Ta 205 mostly. Membranes are formed on a substrate 4 as 
film. 

[0020] At this time, the reactance (X) of the discharge impedance under 



membrane formation Is incorporated by the computer 16 on real time. The 
measured value of a reactance (X) is compared with the value set up 
beforehand inside a computer 16. When a reactance (X) becomes smaller than 
the set point, a computer 16 drives a motor 18 so that a movable plate 21 may 
carry out minute amount migration in the direction of the interior of a chamber 1 . 
By pushing up a movable plate 21 , the plasma 23 which turns to the subchamber 
17 is made a chamber 1. Therefore, the touch area of a chamber 1 and the 
plasma 23 carries out minute amount reduction. As a result minute amount 
buildup of the reactance (X) can be carried out, and it can be brought close to 
the set point. 

[0021] Conversely, when a reactance (X) becomes larger than the set point, a 
computer 16 drives a motor 18 so that a movable plate 21 may carry out minute 
amount migration in the direction of the exterior of a chamber 1. By reducing a 
movable piate 21, the plasma 23 spreads to the subchamber 17. Therefore, the 
touch area of a chamber 1 and the plasma 23 carries out minute amount buildup. 
As a result, minute amount reduction of the reactance (X) can be carried out, 
and it can be brought dose to the set point. 

[0022] These actuation is repeated continuously. Thus, change of the membrane 



formation rate when controlling a movable plate and amending a reactance (X) 
so that it may become the value set up beforehand becomes like drawing 3. 
According to this, compared with the time of not amending a reactance (X), it 
turns out over a long period of time that a membrane formation rate is stable. 
[0023] (Example 2) The impedance monitor of an example 1 can use also as a 
means to measure high-frequency voltage. Therefore, by controlling a movable 
plate so that the measured value of high-frequency voltage always turns into the 
set point like an example 1, auto-bias electrical-potentiaf-difference change can 
be amended, and a membrane formation rate can be stabilized. 
[0024] (Example 3) When a target is a metal, the auto-bias electrical potential 
difference of a target can be measured. The means connects a voltmeter 25 to a 
cathode 2 through the low pass filter 24 which can intercept a RF and can pass 
only a direct current and low frequency, as drawing 2 shows, 
[0025] The measured value of the auto-bias electrical potential difference of the 
target under membrane formation is incorporated by the computer 16 on real 
time like an example 1. Inside a computer 16, the measured value of an 
auto-bias electrical potential difference is compared with the value set up 
beforehand. When an auto-bias electrical potential difference becomes smaller 



than the set point, a computer 16 drives a motor 18 so that a movable plate 21 
may carry out minute amount migration in the direction of the interior of a 
chamber 1. By pushing up a movable plate 21, the plasma 23 which turns to the 
subchamber 17 is made a chamber 1 Therefore, the touch area of a chamber 1 
and the plasma 23 carries out minute amount reduction, As a result, minute 
amount buildup of the auto-bias electrical potential difference can be carried out, 
and it can be brought close to the set point. 

[0026] Conversely, when an auto-bias electrical potential difference becomes 
larger than the set point, a computer 16 drives a motor 18 so that a movable 
plate 21 may carry out minute amount migration in the direction of the exterior of 
a chamber 1. By reducing a movable plate 21, the plasma 23 spreads to the 
subchamber 17. Therefore, the touch area of a chamber 1 and the plasma 23 
carries out minute amount buildup. As a result minute amount reduction of the 
auto-bias electrical potential difference can be carried out, and it can be brought 
close to the set point. 

[0027] The location of a movable plate may be controlled by this process so that 
an auto-bias electrical potential difference always becomes the set point, a 
membrane formation rate can be stabilized with a cheap and easy configuration, 



and equivalent effectiveness is acquired. 

[0028] As mentioned above, of course based on the technical thought of this 
invention, various deformation is possible for this invention, although the 
example of this invention was explained, without being limited to this. 
[0029] For example, although the movable pfate 21 drove the wall of the 
subchamber 17 like the piston, pushed up the plasma 23 and it carried out 
adjustable [ of the touch area ] in the example, it is possible also by the device in 
which adjust the amount of openings of the connection of a chamber and a 
subchamber, adjust the amount of surroundings lumps of the plasma, and a 
touch area is changed. A gate valve, a butterfly valve, etc. are mentioned as an 
adjustment device of the amount of openings. Moreover, although oxide-film 
formation explained in the example, this invention can be applied also to various 
film formation, without restricting to this. Of course, the reactant gas of the class 
according to the film formed in this case is applied. 
[0030] 

[Effect of the Invention] If the invention in this application is followed, preliminary 
data accumulation is not needed but a membrane formation rate can be made 
stability over a long period of time with an easy configuration, 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The outline block diagram of the sputtering system by the example 
of this invention 

[Drawing 2] It is the sputtering system of this invention and is the outline block 
diagram of other examples. 

[Drawing 3] Membrane formation rate comparison drawing when forming 
tantalum pentoxide for a long period of time by the approach by this invention, 
and the approach by the sputtering system of the conventional method 
[Description of Notations] 

1 Chamber 

2 Cathode 

3 Substrate Electrode Holder 

4 Substrate 

5 Exhaust Air System 

6 Sputtering Gas Supply System 



7 Back Up Plate 

8 Target 

9 Cathode Housing 

10 Magnetron Magnetic Field 

11 Magnet 

12 Cathode Electric Insulating Plate 

13 Adjustment Machine 

14 RF Generator 

15 impedance Monitor 

16 Computer 

17 SubChamber 

18 Motor 

19 Driving Shaft 

20 Shaft Sealing 

21 Movable Plate 

22 Shutter 

23 Plasma 

24 Low Pass Filter 



25 Voltmeter 

26 Thickness Gage 

27 Thickness Monitor 

DRAWINGS 



[Drawing 3] 
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[Drawing 1] 
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©WC ! «RJK«2 1 ©ttgtt*-*-! SflKSIftft 
A,«tMBEBBLTfc<. *+V/^1©rtaHM#«JR 
6 Tlia»» Lfcflfc. x/ty * #x«3£?fc 6 J: y 7rt>=f 

>AraffJEtStttfX©WR02 £7 : 3CWB^W + 
Vrt-rtErttfO. 2PalcJ5;^#[i:^A'r'5, X/ty 20 
. £tfx>»A&, *— 7*y hSfcttHMfti . okw^ 
^■fSc SMI^B^li, iSJ§;SB;S1 4#51H»1 
3, Ofcf-^VXt-*-! SfcrtLT^-^y h8 

34*. X/<y *jffX^lctt'<l»fl^©mHiWB 
STCfiStu X/*y*#XfcflS*LTfJ?*fcfc#aiL 

-X*WWnaS*i*-yy h 8 fcffiOTS. * LT» 

[0019] X/ty*eHttUtfe f***-22* 
W<» #— !»8frStti;*W*ftfcTa*ftttTB 
2 Oxttfl*. ffltT*WMR«infWbSl6LTH(ST 
a 205 !ULTlttE4±fcj*»|*ti*. 

[0020] c©t*» Vtr-ifVXffl 
y7**VX CXJ tfs V7ll*<(LVZlv¥3.—$t 1 

**vx (x) ©ajM£*s# uttiffitfMtflii:* 
y7?*vx (x) OT»HU;y '.!*&<*:> 

fc«£» zlVtfa—? 1 6ttEJDfit2 1 flt?+>/t--1 

yi%--\ 7(E@yaA/W«y^xv2 3#?+v/*- 

2 3 1 ®«MffiWAMijt^Hi*r *. *©seni y 7? $ 
vx (x) tt*s/jv»«*u as«(Eis^*»#m* 

*. 50 
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[002 1] 3Btty7**vx (x) tm&m&VizI* 

<ft?ft*#* 3VKa-4n 6ttHjnHi2 + V 

/t- 1 ©*^isfcta'j\«MUrf **5 fc*-*- 1 s 
*JK»rs 0 RnWE2itf5i*T(/6n«e:fc(Ej:y» 

7"7X7 2 3 *W -V V A- 1 7 "tiftfe. ZWtcto? 
£77X^2 3 £©jt^&tftt'J4**r 

§o *©*s*y7**vx (x) aiwftMf^u K£ 

[0 0 2 2] Eft6©JMHr&|ffiM(Cfcys7r. E©« 
|£y7**VX (X) »6ttUft)R££4lft:flUca« 
«K^ii«*MlPLT*||iE LftnoAHalalOXfbttB 

-3©«ica*. zmz&zt- VT9*yy. (x) £ 
[0023] (£ffls#j2) «SMie-f>ii-y>xt 

t(C*y £B/ WX»E3Wb*«EU^B«*£i£ 
[0 0 2 4] (MM 3) *—7*y htf £«©■£» * 

h©aB/W7x»E*»er«c: 

X7<;^-2 4e7>LT«EW2 5*»«S1-*ti«>T 

[0 0 2 5] S»J 1 tlHtiK* BUM*?*-?* h© 
S 3/ W 7XWE©iW*« tfs 'J 7/U* f > if a 

-#i 6K)Ry&*n*. =ivea-^i 6«m? 

«v SB^ W 7 7 X^ECD;fMfili£SA^ Ca6Rj6*ft/fc 
1ii«tbRr«» aB/^7X»JE#»MiJ:y'J>*< 
HvltVtes 3VCa-* 1 6l±RlS!l*g2 1 

- 1 cortSE&fijcu/hwiijriJc^K*-*- 1 8^ 

ftV/M 7KH , ;aA/Tt^*^ , 9X7 2 3tf^+> 

X7 2 3 tO&MiraAWSM^-f 5= ^©SSSiB 
/ W7X*Ett»J*J«* fSJEffitcifi^+Slf^m 

[0 0 2 6] ttlCgB/tf7XWM*WAHU:y*#< 
Soft^ ziytfa— ? 1 6ttBJIWR2 Ifl^tV/? 
~ 1 ©«.ffi*lPllc*J«lW*«fc^ (£^-4«- 1 8€ 
Ilt5 c RltttS2 14I«3l*TtfStl*CfctcJ;y» ^ 
vXY2 3 S-1 Ts&tfZ, ZOtctbfV 

yrt- 1 i:^7X^2 3 t©^S«6^J\«ii^T 

§o *©«maB/<'r7x«EB»j*s«'>u afti 

[0 0 2 7] CW^n-tXlCfcy, SB/^-f T'XffiEA^ 
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